22 Objective: To predict the risk of drowning along the surf beaches of Gironde, southwestern 23 France. 24 Methods: Data on rescues and drownings were collected from the Medical Emergency Center of 25 Gironde (SAMU 33). Seasonality, holidays, weekends, weather, and sea conditions were 26 considered potentially predictive. Logistic regression models were fitted with data from 2011-27 2013 and used to predict 2015-2017 events employing weather and ocean forecasts. 28 Results: Air temperature, wave parameters, seasonality, and holidays were associated with 29 drownings. Prospective validation was performed on 617 days, covering 232 events (rescues and 30 drownings) reported on 104 different days. The area under the curve (AUC) of the daily risk 31 prediction model (combined with 3-day forecasts) was 0.82 [95% confidence interval (95% CI) 32 0.79−0.86]. The AUC of the 3-hour step model was 0.85 (95% CI 0.81−0.88).
4 66 Models predicting the risk of drowning would be useful if they enhanced the preventative 67 measures taken to reduce risk. Predictive models of rip currents have been implemented in 68 Florida, Puerto Rico 19 , Mexico 20 , India 9 , and Great Britain 21 . The models are based on physical 69 hazards, and have been evaluated both retrospectively and in the field. To the best of our 70 knowledge, they have not been prospectively evaluated; forecasts have not been compared to 71 actual drownings. 72 Exposure to a rip hazard increases as the number of swimmers rises. Attendance rises on 73 holidays, weekends, and with increased air temperature and less cloud cover (nebulosity); the 74 number of bathers reflects air and water temperatures and (possibly) wind speed. As the risk of 75 drowning is a combination of the hazard per se and exposure to it, and as the latter is poorly 76 quantified, we created a model including parameters reflecting exposure to rip currents. We 77 assessed whether drownings off Gironde beaches could be anticipated using a risk prediction 78 model based on forecast weather and ocean conditions. 79 MATERIALS AND METHODS 80 Study setting 81 We performed an observational study along the French Atlantic coastline of Gironde. We first 82 developed a model based on medical emergency calls from beaches, along with weather and sea 83 conditions, in 2011, 2012, and 2013. We evaluated only the bathing season (April to October). 84 We used the model to assess whether weather forecasts accurately predicted events that occurred 85 from April to October in 2015, 2016, and 2017. We used the RiGoR guidelines to address 86 common sources of bias in risk-prediction models, 22 and we adhered to the STROBE statement 87 for observational studies 23 . 111 UTC, 10:00 am, etc.). We recorded sea height, the wave factor (the product of wave height and 112 period), and the wave incidence factor (as defined in Appendix 1). We also recorded wind speed 113 and direction, air and water temperatures, and nebulosity. Other factors influencing beach 114 attendance were the season and type of day. High season was defined as the period from June 15 115 to September 15, when most lifeguard stations are open. We distinguished between weekdays, 116 weekends, and holidays. 117 Statistical methods 118 We fitted two logistic regression models: a "daily model" predicting the overall risk of at least 119 one drowning on a given day, and a "3-h-step model" predicting the risks at different times of the 120 day (9:30 am−12:29 pm, 12:30−3:29 pm, 3:30−6:29 pm, and 6:30-9:30 pm; all local times). 121 Given differences in the data collection modes between the training and validation periods, we 122 checked data coherence both visually and using the Wilcoxon-Mann-Whitney and Student's t-123 tests. 124 Days for which data were lacking were removed from the analysis. Prospective cohort data 125 (including variable selection) were not used during model development. We transformed the 126 wave parameters (Appendix 1). We categorized non-log-linear quantitative variables; these were 127 first divided into quantiles and then reduced using the Akaike Information Criterion (AIC) in a 128 multivariate context 26 . Model selection used the AIC to perform interaction checks; we tested all 129 possible models 27 . Odds ratios (ORs) with 95% confidence intervals (CIs) were computed as 130 bootstrap estimates. We checked that residual autocorrelation was absent. Goodness of fit was 131 assessed using the Le Cessie-Van Houwelingen test 28 . Calibration was assessed graphically 132 employing a locally weighted, least-square regression smoother 29 and the Spiegelhalter Z-test. 133 Discriminatory power was assessed using receiver operator characteristic (ROC) curves based in 134 data from each cohort. Fit and validation accuracies were assessed via Brier scoring. The relative 135 importance of the selected predictors was assessed by deriving the associated chi-squared 136 proportions. The outcomes derived using 1-, 2-, and 3-day forecasts were compared by drawing 137 ROC curves using the Delong and Venkatraman method for paired data; [30] [31] [32] we applied Holm-138 Bonferroni corrections. We created a five-level risk scale using the quintiles of the fitted 139 probabilities. All analyses employed R software 33 running the RMS 29 146 Retrospective data were lacking for 77 days because of a buoy failure, and for 26 prospective 147 days (21 because of data-link loss and 5 because of server unavailability). We analyzed 563 days 148 during 2011-2013; 242 rescues and drownings were reported on 108 different days. In 2015-149 2017, data were available for 612 days; there were 232 events on 104 different days ( Table 1) . 150 All retrospective and prospective cohort data were consistent, except for wind speed, which 151 differed significantly between prospective and retrospective data, and nebulosity, which was 152 measured by different means over the retrospective and prospective periods. Both were excluded 153 from prospective analyses. b Goodness of fit: p = 0.20, calibration test p < 0.001.
Brier scores: 0.10 for 2011−2013, 0.12 for 2015−2017. c Goodness of fit: p = 0.53, calibration test p = 0.10.
Brier scores: 0.05 for 2011−2013, 0.05 for 2015−2017. 178 The missed case at the lowest risk level in the retrospective cohort occurred during moderate 179 wave conditions (wave factor ~8 m × s) and at low wave incidence (0.47), but the victim required 180 only rescue, was asymptomatic upon rescue, and was not evacuated. The second missed event 181 occurred at the tip of the Cap Ferret sandspit, which lacks wave-driven rip currents. The last 182 missed event occurred at La Salie Nord, adjacent to (south of) the Arcachon inlet, under moderate
